T he resurgence of tuberculosis (TB) in the United
States in the 1980s and early 1990s has been well documented. 1 This problem was particularly severe in cities such as New York where the TB case rate nearly tripled over a 15-year period from the late worsening social and economic conditions, most
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notably homelessness. In fact in one study of 224 1970s to the early 1990s. 2 Among the factors contributing to this resurgence were the HIV epidemic, the decline in funding for TB control programs, and worsening social and economic conditions, most notably homelessness. In fact in one study of 224 consecutive patients with TB admitted to a large city public hospital, 68% were homeless or lived in an unstable housing situation. 3 Of these, 178 were discharged with anti-TB therapy, 89% of which were subsequently lost to follow-up and did not complete treatment. Failure to complete treatment not only leads to morbidity and mortality in the individual patient but also to the spread of the disease to others in the community. In addition, partial treatment of TB can result in the dreaded complication of multiple drug resistance (MDR), a phenomenon that became widespread in several US cities during the 1980s and early 1990s. 2 Major efforts have been directed at controlling these public health problems with some success. Among the factors cited for improving the situation are better use of effective, short course treatment regimens, better institutional infection control measures, and perhaps, most importantly, the increased use of directly observed therapy (DOT). 2 Even with these improvements, the problem of TB among the homeless remains significant. In a study of TB in homeless men in New York, 53% failed to complete therapy despite being in a DOT program. 4 Burman et al 5 reported in a Denver, CO, study that 18% of that city's DOT program patients were noncompliant with DOT and homelessness was a significant risk factor for noncompliance.
In the 1980s and early 1990s, problems with TB control among the homeless, similar to those described above, also occurred in San Diego County. The first major effort to deal with this problem was the implementation of essentially universal use of DOT among the homeless, which went into effect in 1992. However, based on subsequent experience and studies such as the ones cited above, it was recognized that DOT alone may not be sufficient to ensure completion of therapy among homeless individuals.
Materials and Methods

Origins and Development of the Housing Programs
In the early 1990s, a task force of 13 local private and government agencies, including the San Diego Department of Health Services (SDDHS), the American Lung Association of San Diego and Imperial Counties (ALASDIC), and the St. Vincent de Paul Village, was formed to address the problem of homelessness in San Diego County. The consortium of local agencies, led by the St. Vincent de Paul Village, submitted a joint application for a "Solutions" grant. "Solutions," a United States Department of Housing and Urban Development funded program, solicited applications for funding from homeless providers (not specifically for TB) through a notice of funding availability. The grant application was subsequently approved and funded for a total of $9.0 million for 5 years. The consortium recognized that TB was a major problem among the homeless. It allocated $105,199 (for 5 years, approximately $21,000 per year) of the $9.0 million grant for development and implementation of a supervised housing program to aid in the treatment of TB. After exploring various housing options for TB patients, the consortium entered into an agreement with the local Young Men's Christian Association (YMCA) hostel. Under this agreement the YMCA devoted six singleoccupancy rooms to the housing of patients with TB. SDDHS maintained responsibility for providing DOT and case management for all individuals housed in the YMCA. The new program was instituted in mid 1994. Patients were deemed eligible to enter the program if they were homeless, carried a diagnosis of active or suspected TB, and were considered to be very low risk for infectiousness as demonstrated by three negative sputum acid-fast bacillus (AFB) smears on 3 consecutive days.
Because the YMCA was not an appropriate site for infectious individuals, a second housing option, known as the Bissell House, was developed. This project, begun in 1996, was developed jointly by ALASDIC and SDDHS. Infectious TB patients who were medically appropriate to initiate or continue TB treatment on an outpatient basis, but who did not have suitable housing were eligible for this program. The housing unit consisted of a detached cottage in a residential complex. The patient was required to remain in the cottage at all times until given clearance to do otherwise by SDDHS personnel. Compliance was monitored by visits from SDDHS personnel, an on-site manager, and an electronic monitoring device, which was attached to the patient's ankle. Failure to comply with SDDHS policies and procedures resulted in the removal of the patient from the Bissell House to an acute care hospital or other appropriate setting. SDDHS and the San Diego County Housing and Community Development Departments provided the majority of funding for the Bissell House.
Review of Patient Records
Using the San Diego County TB Control Program's computer database, all cases of TB in homeless individuals for the year 1995 (the first full year the YMCA program was in place) were identified. A patient was considered homeless if he/she met the Centers for Disease Control and Prevention (CDC) definition for homelessness at any time while under treatment. According to the CDC, a person is homeless if he/she "is not paying rent, does not own a home or is not steadily living with friends or relatives." Charts for all these patients were reviewed in detail to obtain the following information: patient's age, sex, race, country of origin, HIV status, AFB smear, culture and sensitivity results, site of TB, treatment regimen, duration of treatment, culture conversion, interruptions in therapy, number of hospital admissions, and whether the therapy was considered complete. (Treatment was considered complete if the patient completed a treatment regimen that was in accordance with the 1994 American Thoracic Society/ CDC guidelines. 6 ) In addition, medical records were reviewed for all individuals housed in the Bissell House between April 1996 and November 1997. These data were recorded anonymously using the patient's medical record number, for identification. This study was reviewed and approved by the Human Subjects Committee of the University of CaliforniaSan Diego (UCSD) Medical Center.
Cost Information
Cost figures for the YMCA program, Bissell House, DOT, and UCSD hospital admissions were obtained from SDDHS records. These data were used to estimate cost savings.
Results
Patient Characteristics
Twenty-five patients in 1995 met the CDC definition of homelessness. The records for 23 of 25 homeless individuals in 1995 were available for review. Thirteen homeless patients were housed in the YMCA in 1995. Ten were not. Demographic data, site of disease, and HIV status for the groups of homeless patients from 1995 are shown in Table  1 . The reasons why 10 homeless individuals from 1995 were not housed in the YMCA are shown in Table 2 . Seven patients have been housed in the Bissell House program since its creation in 1996. Demographic data, site of disease, and HIV status for those individuals are also shown in Table 1 . The individuals in the Bissell House group are completely distinct from the 1995 homeless patients. Although four Bissell House patients were subsequently transferred to the YMCA after they were no longer infectious, this occurred after April 1996. There is no overlap between any patients who appear in the 1995 YMCA group and the Bissell House group. Data from these groups, therefore, have been analyzed separately.
The majority of patients had TB confined to the lung (Ͼ 85%). There were two cases of pulmonary disease due to Mycobacterium bovis in the Bissell House group. There were no cases of rifampinresistant TB and less than 10% of patients had isoniazid-resistant TB in all groups. The type of therapy used (DOT vs unsupervised) is shown in Table 3 .
Conversion of Sputum Smears, Cultures, and Completion of Therapy
The sputum culture conversion rates for both the YMCA and Bissell House groups were 100% (Table 3 ). The Bissell House group also had a 100% smear conversion rate. Greater than 80% of 
Hospital and Housing Program Stays and Estimated Cost Savings
The number and duration of hospitalizations and duration of stay in the housing programs are shown in Table 4 . The estimated cost savings of isolating infectious patients at the Bissell House compared with isolating them in a hospital are shown in Tables 5 and 6 . Prior to the Bissell House, homeless TB patients remained hospitalized until they were no longer considered infectious as this was the only option available. This was usually done at UCSD Medical Center where San Diego County Medical Services pays a subacute daily room charge of $651.00. The Bissell House has cost the county $55.90 per day resulting in a total cost of $17,776.20 for 318 days of housing. Based on these figures, it is estimated that San Diego County has saved $27,034.54 per patient in housing costs through the Bissell House program. *Not all patients were hospitalized. †Not applicable because patients were required to be smear-negative to enter the YMCA program. ‡Four patients were transitioned from the Bissell House to the YMCA after their smears were converted to negative. These patients are distinct from those housed in the YMCA program in 1995. †AFB smear or TB culture converted from positive to negative with no evidence of smear or culture subsequently reverting to positive in the patient's health department record. ‡Denominators do not equal n (ie, 23, 13, or 10), because not all patients were positive for AFB smear or culture at the time of diagnosis. §Not applicable because patients were required to be smear-negative to enter the YMCA program.
Care transferred outside San Diego County to another health department. Patient was compliant with therapy while in San Diego. No further follow-up available.
Discussion
DOT is the most effective method for treatment of TB and has been shown to reduce relapse rates and acquired drug resistance. 7 Nevertheless, there are barriers to successful treatment of TB even when DOT is used. Homelessness is perhaps the most significant of these barriers. 4, 5 We have experienced such difficulties in treating homeless patients in San Diego. For this reason, housing programs were developed in conjunction with the DOT program in order to improve TB treatment in the homeless.
Although the numbers are small, initial results suggest that both the YMCA and Bissell House programs are beneficial. TB treatment in patients in the YMCA program and the Bissell House, as manifested by microbiologic conversion of sputum and completion of therapy, was more successful than that for homeless patients in our prior experience in San Diego and as previously reported in the literature. In the YMCA program only 1 of 13 (7.7%) patients failed to complete therapy. Of patients in the Bissell House program, 100% completed treatment. This compares favorably to failure rates of 53% among homeless patients in a report from New York published in 1994 4 and with our prior experience. For example, only 48.4% of homeless patients in San Diego were confirmed to have completed therapy in 1993. 8 Additionally, in the same year, 33.4 and 41.5% of homeless patients in San Diego did not have documented smear and culture conversion, respectively. 8 In comparison, the culture conversion rate for the YMCA and Bissell House programs was 100%. The smear conversion rate for the Bissell House was also 100%.
The estimated cost savings from the YMCA and especially the Bissell House program also appear to be substantial. It is the policy of SDDHS that infectious patients without suitable housing be admitted to a hospital for isolation. Such patients remain hospitalized until they are no longer considered infectious, often for weeks after their acute medical needs have been met. The Bissell House provides an option for placement as soon as patients are medically stable and a space is available. After the patient converts his/her smear to negative (three negative sputum AFB smears on three consecutive days), he/she can then be transferred to the YMCA program to complete treatment. The stable treatment environment provided by the YMCA and Bissell House programs is expected to result in reduced rates of relapse, acquired drug resistance, and community spread of TB, producing further cost savings above those yielded by decreased hospital stays.
Conclusion
Although the number of patients was small, our data suggest that implementation of housing programs in conjunction with the use of DOT is effective in improving TB therapy outcomes in the homeless. They provide a basis for conducting a larger study of the use of supervised housing in addition to DOT to aid in the treatment of TB in homeless persons. A multicenter study using supervised housing, conducted in inner cities where homelessness and TB are significant problems, should be considered to confirm and quantify the cost-effectiveness of such an approach.
